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Abstract
BACKGROUND 
Changes in alkaline phosphatase (ALP) and γ-glutamyltransferase (GGT) levels in 
patients with primary liver cancer (PLC) after radiofrequency ablation (RFA). 
Hepatocellular carcinoma is a malignant tumor with high incidence worldwide. 
As a common local treatment, RFA has attracted much attention for its efficacy 
and influence on liver function.
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AIM 
To investigate the effect of serum ALP and GGT levels on the prognosis of patients with PLC treated by RFA.

METHODS 
The preoperative clinical data of 165 patients who were pathologically or clinically diagnosed with PLC and who 
received RFA in our hospital between October 2018 and June 2023 were collected. The chi-square test was used to 
compare the data between groups. The Kaplan-Meier method and Cox regression were used to analyze the associ-
ations between serum ALP and GGT levels and overall survival, progression-free survival (PFS) and clinical 
characteristics of patients before treatment.

RESULTS 
The 1-year survival rates of patients with normal (≤ 135 U/L) and abnormal (> 135 U/L) serum ALP before 
treatment were 91% and 79%, respectively; the 2-year survival rates were 90% and 68%, respectively; and the 5-
year survival rates were 35% and 18%, respectively. The difference between the two groups was statistically 
significant (P = 0.01). Before treatment, the 1-year survival rates of patients with normal serum GGT levels (≤ 45 
U/L) and abnormal serum GGT levels (> 45 U/L) were 95% and 87%, the 2-year survival rates were 85% and 71%, 
and the 5-year survival rates were 37% and 21%, respectively. The difference between the two groups was statist-
ically significant (P < 0.001). Serum ALP [hazard ratio (HR) = 1.766, 95% confidence interval (95%CI): 1.068-2.921, P 
= 0.027] and GGT (HR = 2. 312, 95%CI: 1.367-3.912, P = 0.002) is closely related to the overall survival of PLC 
patients after RF ablation and is an independent prognostic factor. The 1-year PFS rates were 72% and 50%, the 2-
year PFS rates were 52% and 21%, and the 5-year PFS rates were 14% and 3%, respectively. The difference between 
the two groups was statistically significant (P < 0001). The 1-year PFS rates were 81% and 56% in patients with 
normal and abnormal serum GGT levels before treatment, respectively; the 2-year PFS rates were 62% and 35%, 
respectively; and the 5-year PFS rates were 18% and 7%, respectively, with statistical significance between the two 
groups (P < 0.001). The serum ALP concentration (HR = 1. 653, 95%CI: 1.001-2.729, P = 0.049) and GGT (HR = 1.949, 
95%CI: 1.296-2.930, P = 0.001) was closely associated with PFS after RFA in patients with PLC. The proportion of 
male patients with abnormal ALP levels is high, the Child-Pugh grade of liver function is poor, and the incidence 
of ascites is high. Among GGT-abnormal patients, the Child-Pugh grade of liver function was poor, the tumor stage 
was late, the proportion of patients with tumors ≥ 5 cm was high, and the incidence of hepatic encephalopathy was 
high.

CONCLUSION 
Serum ALP and GGT levels before treatment can be used to predict the prognosis of patients with PLC after RFA, 
and they have certain guiding significance for the long-term survival of patients with PLC after radiofrequency 
therapy.
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Core Tip: Clinical data of patients with primary liver cancer (PLC) treated with radiofrequency ablation (RFA) were 
retrospectively analyzed to evaluate the changes in alkaline phosphatase (ALP) and γ-glutamyltransferase (GGT) levels 
before and after treatment. The subjects of this study were PLC patients undergoing RFA. By collecting ALP and GGT 
detection results at different time points before and after treatment, the dynamic trend and clinical significance of these 
indicators were analyzed.
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INTRODUCTION
Primary liver cancer (PLC) is a common malignant tumor worldwide, with a high incidence and poor prognosis in China 
and the Asia-Pacific region[1]. At present, it is believed that the prognosis of PLC patients is not only related to tumor 
size, tumor number, and the presence of metastasis but also closely related to liver function[2-4]. In clinical practice, liver 
function is also an important factor affecting the choice of treatment plan; therefore, before the treatment of patients with 
PLC, it is necessary not only to conduct a comprehensive oncological evaluation but also to conduct a comprehensive 

https://www.wjgnet.com/1948-9366/full/v16/i9/2860.htm
https://dx.doi.org/10.4240/wjgs.v16.i9.2860


Huang WY et al. ALP and GGT after radiofrequency ablation of HCC

WJGS https://www.wjgnet.com 2862 September 27, 2024 Volume 16 Issue 9

evaluation of liver function, which can aid in understanding the pre- and postconditions of patients to a certain extent 
and providing acupuncture treatment[5]. In recent years, there have been reports in the literature that relevant indicators 
reflecting liver function, such as alkaline phosphatase (ALP) and γ-glutamyltransferase (GGT), can be applied to the 
combined diagnosis of PLC, but there are few reports[6-8] on the relationship between these indicators and prognosis.

The incidence and mortality of PLC continue to increase worldwide, and most cases of this tumor are diagnosed at an 
advanced stage, limiting treatment options[9]. radiofrequency ablation (RFA), a minimally invasive treatment, is widely 
recognized for its efficacy and safety in treating PLC, especially in patients with early-stage liver cancer. RFA directly 
destroys tumor cells through the thermal effect generated by high-frequency current, locally controls the lesion, and 
retains more liver function, thus becoming an important part of the comprehensive treatment of liver cancer. However, 
although the efficacy of RFA has been recognized clinically, its impact on patient prognosis and its association with 
biochemical indicators still need to be further studied[10]. ALP and GGT are two biochemical markers commonly used in 
liver diseases, and their levels generally reflect pathological changes and the functional status of the liver[11-13]. The 
pattern of changes in these indicators after RFA may reveal the progression of liver recovery, the activity of residual 
tumors, and the long-term prognosis of patients[14].

In this study, we systematically analyzed the levels of ALP and GGT in patients with PLC after RFA treatment to 
explore the correlation between these biochemical markers and patient prognosis[15]. The aim of this study was to 
provide a more accurate prognostic assessment tool for clinical treatment to improve the quality of life and overall 
survival rate of patients with PLC. We retrospectively analyzed the medical records of a large number of patients with 
PLC, summarized the changes in ALP and GGT levels before and after RFA treatment, and attempted to establish a 
correlation model between these parameters and treatment response, recurrence and survival.

Our study evaluated the value of dynamic changes in ALP and GGT for predicting disease progression and evaluating 
treatment outcomes and explored whether these changes can be used as a reference for adjusting treatment strategies and 
guiding the frequency and timing of follow-up. In addition, we explored the associations of ALP and GGT with liver 
cancer pathologic features and their potential use as noninvasive biomarkers for monitoring liver function, predicting 
recurrence, and assessing patient prognosis.

MATERIALS AND METHODS
Research subjects
The clinical data of patients with PLC admitted to our hospital between October 2018 and June 2023 were retrospectively 
analyzed.

Inclusion criteria
(1) Patients with a pathological diagnosis of PLC; (2) At least one RFA procedure, all of which involved complete 
ablation; (3) ALP and GGT test results before treatment; (4) Aged 18-80 years; and (5) Complete follow-up data.

Exclusion criteria
(1) A history of other malignant tumors; and (2) Age < 18 years or > 80 years. The follow-up was conducted by telephone 
inquiry and hospitalization data survey, and the follow-up was conducted once every 3 months. The follow-up ranged 
from 3 to 54 months, with a median follow-up of 18 months, ending in October 2023.

Detection method
All patients underwent liver function tests (with an automatic biochemical analyzer (7600-210 Hitachi)) before treatment. 
Five milliliters of blood was collected on an empty stomach in the morning within 1 week before treatment. The analysis 
indices included aspartate aminotransferase (AST), alanine aminotransferase (ALT), ALP, and GGT. Serum Alb 
(Bromocresol green colorimetric method), TBil (2,4-dichloroaniline diazo method), and cholinesterase (hydroxylamine 
ferric chloride method) were used. In this study, AST > 35 U/L, ALT > 40 U/L, ALP > 135 U/L, GGT > 45 U/L, and TBil 
> 30 μmol/L were defined as elevated levels, serum Alb < 40 g/L, and cholinesterase < 4300 U/L to reduce.

Statistical analysis
SPSS 23 was used. Statistical software for data analysis. The χ2 test was used to compare the data between groups. The 
Kaplan-Meier method and log-rank test were used for survival analysis and comparison. Survival risk factors were 
analyzed by a Cox proportional hazards regression model, and P < 0.05 was considered to indicate statistical significance.

RESULTS
General information
The data of 165 patients with PLC who underwent RFA were collected. There were 126 males and 39 females. The 
patients ranged in age from 38 to 80 years, with a median age of 57 years. Postoperative pathology revealed 163 patients 
with hepatocellular carcinoma and 2 patients with cholangiocarcinoma. The clinical data of the patients and the level of 
liver function before RFA are shown in Table 1. The recurrence rate was 39.79% at 1 year, 58.79% at 2 years, and 76.97% at 
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Table 1 Baseline data of patients and pre-treatment liver function levels (n = 165)

Clinical data Number of cases (%)

Age

    < 60 years old 92 (55.8)

    ≥ 60 years old 73 (44.2)

Gender

    Male 126 (76.4)

    Female 39 (23.6)

Viral hepatitis

    Hepatitis B 119 (72.2)

    Hepatitis C 37 (22.4)

    Hepatitis B comorbidities

    Hepatitis C

3 (1.8)

    None 6 (3.6)

Child-Pugh

    A-level 136 (82.4)

    B/C level 27/2 (16.4/1.2)

Tumor staging

    0/A/B 5/62/65 (3.0/37.6/39.4)

    C/D 30/3 (18.2/1.8)

Tumor size

    < 5 cm 119 (72.1)

    ≥ 5 cm 46 (27.9)

Number of tumors

    Single shot 86 (52.1)

    Multiple occurrences 79 (47.9)

Lymph node metastasis

    Yes 23 (13.9)

    No 142 (86.1)

Distant metastasis

    Yes 11 (6.7)

    No 154 (93.3)

AST

    ≤ 35 L/I 63 (38.2)

    > 35 U/I 102 (61.8)

ALT

    ≤ 40 I/I 49 (29.7)

    > 40 U/L 116 (70.3)

ALP

    ≤ 135 U/I 127 (77.0)

    > 135 L/I 38 (23.0)

GGT

    ≤ 45 U/I 65 (39.4)
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    > 45 L/I 100 (60.6)

Cholinesterase

    ≥ 4300 IL/I 100 (60.6)

    < 4300 IL/I 65 (39.4)

TBil

    ≤ 30 μmol/L 136 (82.4)

    > 30 μmol/L 29 (17.6)

Alb

    ≥ 40 g/L 52 (31.5)

    < 40 g/L 113 (68.5)

Hepatic encephalopathy

    Yes 7 (4.2)

    No 158 (95.8)

Ascites

    Yes 38 (23.0)

    No 127 (77.0)

Portal vein cancer thrombus

    Yes 8 (4.8)

    No 157 (95.2)

AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; GGT: γ-glutamyltransferase.

5 years after RFA.

Relationship between serum ALP and GGT levels and overall survival of patients before treatment
Univariate analysis revealed statistically significant differences in overall survival between patients with abnormal serum 
ALP, GGT, ALT and TBil before treatment and those with normal liver function indices (P < 0.05).

Multivariate analysis revealed that serum ALP [hazard ratio (HR) = 1.766, 95% confidence interval (95%CI) before 
treatment: 1.068-2.921] and GGT (HR = 2.312, 95%CI: 1.367-3.912) levels were closely correlated with overall survival in 
PLC patients after RFA and were found to be independent prognostic factors (Table 2).

Before treatment, the 1-year survival rates of patients with normal and abnormal serum ALP levels were 91% and 79%, 
respectively; the 2-year survival rates were 90% and 68%, respectively; and the 5-year survival rates were 35% and 18%, 
respectively (P = 0.01; Figure 1A). The 1-year survival rates of patients with normal and abnormal serum GGT levels 
before treatment were 95% and 87%, the 2-year survival rates were 85% and 71%, and the 5-year survival rates were 37% 
and 21%, respectively (P < 0.001; Figure 1B).

Relationship between serum ALP and GGT levels before treatment and progression-free survival
Univariate analysis revealed statistically significant differences in progression-free survival (PFS) between patients with 
abnormal serum ALP, GGT and TBil levels before treatment and those with normal liver function indices (P values < 
0.05). Multifactor analysis revealed that serum ALP and GGT levels before treatment were closely correlated with PFS 
after RFA in patients with PLC (Table 3).

The 1-year PFS rates were 72% and 50%, the 2-year PFS rates were 52% and 21%, and the 5-year PFS rates were 14% 
and 3%, respectively, in patients with normal and abnormal serum ALP levels before treatment. The difference was 
statistically significant (P < 0. 001; Figure 1C). In patients with normal and abnormal serum GGT levels, the 1-year PFS 
rates were 81% and 56%, the 2-year PFS rates were 62% and 35%, and the 5-year PFS rates were 18% and 7%, respectively, 
with statistically significant differences (P < 0.001; Figure 1D).

Relationships between ALP and GGT levels and related clinical features before treatment
Before treatment, patients with elevated serum ALP levels were compared with those with normal ALP levels, and there 
were statistically significant differences in sex, Child-Pugh grade and the presence of ascites (all P values < 0.05). Before 
treatment, patients with elevated serum GGT levels were compared with those with normal GGT levels, and there were 
statistically significant differences in the Child-Pugh grade, tumor stage, tumor size, and incidence of hepatic enceph-
alopathy (all P values < 0.05; Table 4).
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Table 2 Univariate and multivariate analysis of serum alkaline phosphatase and γ-glutamyltransferase levels and overall survival before 
treatment

Project Single factor analysis (95%CI) P value Multivariate analysis (95%CI) P value

ALP (> 135 U/L vs ≤ 135 U/L 1.988 (1.313-3.008) 0.001 1.766 (1.068-2.921) 0.027

GGT (> 45 U/L vs ≤ 45 U/L) 2.816 (1.741-4.556) 0.001 2.312 (1.367-3.912) 0.002

Cholinesterase (< 4300 U/L vs ≥ 4300 U/L) 1.948 (1.328-2.857) 0.001 1.312 (0.815-2.113) 0.264

ALT (> 40 U/L vs ≤ 40 U/L) 1.716 (1.125-2.617) 0.012 1.531 (0.933-2.511) 0.092

AST (> 35 U/L vs ≤ 35 U/L) 1.479 (0.937-2.334) 0.093 0.819 (0.483-1.390) 0.460

TBil (> 30 μmol/L vs ≤ 30 μmol/L) 2.098 (1.338-3.288) 0.001 1.202 (0.689-2.096) 0.518

Alb (< 40 g/L vs ≥ 40 g/L) 1.274 (0.830-1.956) 0.269 0.814 (0.502-1.319) 0.403

AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; GGT: γ-glutamyltransferase; 95%CI: 95% confidence 
interval.

Figure 1 Survival curves and progression-free survival curves of patients. A: Survival curves of patients with normal and elevated alkaline 
phosphatase (ALP); B: Progression-free survival curves in patients with normal and elevated ALP; C: Survival curves of patients with normal and elevated γ-
glutamyltransferase (GGT); D: Progression-free survival curves in patients with normal and elevated GGT. ALP: Alkaline phosphatase; GGT: γ-glutamyltransferase.

DISCUSSION
At present, the liver function test is one of the most commonly used tests to assess the metabolic reserve function of the 
liver[16-18]. It is convenient and fast, and AST, ALT, ALP, GGT, Alb, TBil and cholinesterase are closely related to the 
synthesis and metabolic function of the liver[19]. This study confirmed that serum ALP and GGT levels have certain 
predictive value for PFS and overall survival after RFA for PLC patients and are indicators of poor prognosis in patients 
with PLC.

Serum ALP and GGT levels have always been considered to have certain diagnostic value for malignant tumors, and it 
has been found in recent years that increases in serum ALP and GGT levels increase the risk of malignant tumors[20-22]. 
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Table 3 Univariate and multivariate analysis of serum alkaline phosphatase and γ-glutamyltransferase levels and progression free 
survival

Project Single factor analysis (95%CI) P value Multivariate analysis (95%CI) P value

ALP (> 135 U/L vs ≤ 135 U/L) 2.269 (1.536-3.352) < 0.001 1.653 (1.001-2.729) 0.049

GGT (> 45 U/L vs ≤ 45 U/L 2.147 (1.470-3.134 < 0.001 1.949 (1.296-2.930) 0.001

Cholinesterase (< 4300 U/L vs ≥ 4300 U/L) 1.343 (0.945-1.910) 0.100 0.956 (0.623-1.469) 0.839

ALT (> 40 U/L vs ≤ 40 U/L) 1.121 (0.782-1.609 0.534 1.046 (0.689-1.588) 0.834

AST (> 35 U/L vs ≤ 35 U/L) 1.103 (0.747-1.629 0.621 0.776 (0.487-1.237) 0.286

TBil (> 30 μmol/L vs ≤ 30 μmol/L) 2.020 (1.329-3.072) 0.001 1.335 (0.765-2.329) 0.309

Alb (< 40 g/L vs ≥ 40 g/L) 1.464 (0.994-2.156) 0.054 1.119 (0.727-1.722) 0.60 g

AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; GGT: γ-glutamyltransferase; 95%CI: 95% confidence 
interval.

Table 4 Relationship between serum alkaline phosphatase and γ-glutamyltransferase levels before treatment and clinical 
characteristics

Project ALP ≤ 135 U/L (n 
= 127)

ALP > 135 U/L (n 
= 38) χ2 P 

value
GGT ≤ 45 U/L (n 
= 65)

GGT > 45 U/L (n 
= 100) χ2 P 

value

Age (< 60 years vs ≥ 60 years) 68/59 24/14 1.096 0.295 32/33 60/40 1.852 0.174

Gender (female vs male) 102/25 24/14 4.770 0.029 49/16 77/23 0.057 0.811

Tumor staging (0/A/B vs C/D) 103/24 29/9 0.419 0.518 58/7 74/26 6.188 0.013

Child-Puch grading (A vs B/C) 118/9 18/20 41.881 < 0.001 50/62 74/26 12.436 < 0.001

Tumor size (< 5 cm vs ≥ 5 cm) 92/35 27/11 0.028 0.867 54/11 65/35 6.402 0.011

Number of tumors (single vs 
multiple)

66/61 20/18 0.005 0.943 38/27 48/52 1.728 0.189

Lymph node metastasis (Y vs 
N)

16/111 7/31 0.827 0.363 5/60 18/82 3.489 0.062

Remote metastasis (Y vs N) 10/117 1/37 1.292 0.256 3/62 8/92 0.725 0.394

Hepatic encephalopathy (Y vs 
N)

4/123 3/35 1.621 0.203 0/65 7/93 4.752 0.029

Ascites (Y vs N) 22/105 16/22 10.134 0.001 12/53 26/74 1.263 0.26

Portal vein cancer thrombus (Y 
vs N)

6/121 2/36 0.018 0.892 1/64 7/93 2.547 0.111

AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; GGT: γ-glutamyltransferase.

Serum GGT is mainly derived from the liver, is produced by hepatocyte mitochondria and is excreted by the biliary tract
[23]. It is mainly distributed in hepatocyte plasma and the intrahepatic bile duct epithelium. Relevant studies[24-26] have 
suggested that the serum GGT level is positively correlated with the incidence of malignant tumors. Serum ALP is a 
hydrolase synthesized and secreted by liver cells and is excreted by the biliary tract; it is widely distributed in the human 
liver, bone, intestine, kidney, placenta and other tissues[27]. Abnormal ALP is more common in patients with liver and 
biliary diseases and bone diseases. Some studies[28-30] have suggested that ALP activity in the tumor nucleus is 
increased. Another study[31] also proposed that the serum ALP level in patients with malignant tumors is a predictor of 
bone metastasis. Increase in the serum ALP concentration in patients with PLC may be related to biliary tract inflam-
mation affecting liver function. At present, there are few reports[32-34] on the relationships between serum ALP and GGT 
levels and the prognosis of patients with malignant tumors. In a prognostic scoring system for liver cancer patients 
created, a serum ALP concentration > 200 U/L was calculated as 3 points, indicating that the ALP concentration has 
certain predictive value for liver cancer prognosis. Moreover, a small number of reports have confirmed that the serum 
GGT level is correlated with the prognosis of patients with colorectal cancer and esophageal cancer.

Through multifactor analysis, this study revealed that serum ALP and GGT levels are independent risk factors 
affecting the prognosis of patients with PLC and are indicators of poor prognosis[35]. Serum GGT levels are strongly 
correlated with poor overall survival and PFS in patients with PLC, which is consistent with the results of previous 
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relevant studies[36-38]. At the same time, the relationships between serum ALP and GGT levels and the clinical character-
istics of patients with PLC were analyzed, and the results showed that patients with high serum ALP and GGT levels had 
short overall survival, high mortality and poor prognosis[39]. Further stratified analysis revealed that the proportion of 
male patients with elevated serum ALP levels was high (36.84%), the Child-Pugh classification of liver function was poor 
(B/C 52.63%), and the incidence of ascites was high (42.11%)[40]. Among the patients with elevated serum GGT levels, 
the Child-Pugh grade of liver function was poor (26.00% B/C grade), the tumor stage was late (27% C/D stage), the 
number of patients with tumors ≥ 5 cm was greater than that of the patients (35%), and the incidence of hepatic enceph-
alopathy was greater (7%). These findings indicate that serum ALP and GGT levels are not only independent prognostic 
factors after RF ablation for PLC patients but are also are correlated with Child-Pugh grade and liver function indicators 
in PLC patients. There have been few studies[41,42] on the relationships between serum ALP and GGT levels and 
relevant clinical features of patients with PLC. The results of this study can guide the prognosis evaluation and treatment 
plan selection of clinical patients to a certain extent.

At the same time, there are still some limitations in this study: The included patients were all from the same center, and 
the incidence of hepatitis was high, which may have had a certain impact on the results. This was a retrospective study, 
and future studies will continue to explore whether a model can be established to organically integrate relevant indicators 
to more accurately predict the prognosis of patients with PLC.

CONCLUSION
Through retrospective analysis of ALP and GGT after RFA in patients with PLC, this study revealed that RFA had a 
significant impact on ALP and ALT levels. ALP levels decreased significantly after treatment, while ALT levels showed 
unstable changes, increasing in some patients and decreasing in some patients. This suggests that RFA may have some 
effect on liver function, but the specific mechanism still needs to be further studied. In summary, RFA can be an effective 
treatment for PLC, but its effects on liver function still need to be carefully evaluated in clinical practice.
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